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Radio Frequency (RF) technologies are presently the main medium for wireless 
communication systems. However, like many other technologies, RF has 
constraints such as limited bandwidth and electromagnetic interference which 
limit the applications of RF technologies in certain scenarios. For example, RF 
signals can cause interference with aircraft communication systems, medical 
equipment and devices in the hospital or navigational devices in airports. 
Meanwhile, current advancements in Light Emitting Diode (LED) devices and 
materials are driving the applications of Visible Light Communication (VLC). 
VLC combines both illumination and communication together within one 
device. VLC uses a white light LED as a source for the data transmission. Many 
opportunities exist to exploit the low-cost nature of LEDs and their lighting 
properties for widespread deployment of VLC. However, some characteristics 
of the optical wireless medium, including mobility, directionality, multi-user 
access and susceptibility to ambient light noise sources, must be managed 
and overcome. VLC system is standardised by IEEE 802.15.7 specification. 
In this dissertation, an analytical model and the ns-2 simulation model of the 
indoor Visible Light Communication (VLC) is developed and analysed based 
on the IEEE 802.15.7 standard. The analytical model is developed based on 
the Discrete Time Markov Chain (DTMC) method. The analytical model is 
compared with the theoretical CSMA model to verify the correctness of the 
proposed models.The throughput curves of the theoretical CSMA model, the 
In the world of increasing mobility, the emerging needs for the cellular and 
wireless communications have increased enormously. The demand of efficient, 
reliable and also high speed wireless communications network can be achieved 
by implementing multiple input multiple output (MIMO) and orthogonal 
frequency division multiplexing (OFDM). However, in recent years, 
information technology has progressively led to global energy consumption 
due to the demands of mobile communications around the world. In this level, 
the main component to reduce power consumption depends on the high-power 
amplifier (HPA) efficiency which is associated to the peak-to-average power 
ratio (PAPR). However, various techniques that have been proposed to reduce 
the high PAPR are encountered with some drawbacks such as computational 
complexity and bit error rate (BER) degradation. These drawbacks are due to 
the formulation and algorithm of the PAPR reduction techniques in the OFDM 
system to achieve substantial PAPR reduction. In this thesis, a new formulation 
for interleaving technique using circulant shift is proposed to form an optimum 
permutation for interleaving technique. In addition, an appended bit side 
information (SI) is proposed to avoid the BER degradation at the receiver. This 
DTMC analytical model, and the ns-2 simulation model follow the same 
pattern. The throughput improvement for the DTMC analytical model 
over the CSMA basic model at the maximum throughput value is ranged 
from 8 percent to 31 percent depending on the network configuration. The 
throughput improvement is due to the back-off mechanism implemented 
by the proposed IEEE 802.15.7 model. Thus, this verifies correctness and 
the improvement of the proposed DTMC analytical model. The detailed 
design and implementation of a VLC prototype for an indoor optical wireless 
communication is also presented based on an Optical Ethernet Transceiver 
previously developed by the TMR&D Advanced Internet Lighting 
Application (AILA) team. The VLC prototype consists of an Optical Ethernet 
Transceiver and the software VLC MAC that manages the connections for 
multiple users. The software VLC MAC is developed to support multi-user 
connectivity using the existing Optical Ethernet Transceiver. The throughput 
of the Software MAC VLC system is about 7.5 Mb/s for 1024 bytes packet 
size which is 21% lower compared to the maximum theoretical rate. This 
is due to the unused 0.33 part of the slot size for every packet sent, which 
can be translated to 16.5 % wastage of throughput. The remainder is due 
to the packet processing delay at the application layer. Thus, the soft MAC 
implementation result matches the maximum theoretical rate of the VLC 
system.
technique is called selected codeword shift (SCS) technique. The technique 
has reduced the PAPR with approximately 19% using only six candidates and 
avoid the BER degradation effectively. Due to the advantages of proposed 
SCS, an enhancement of selective mapping (SLM) technique using SCS is 
proposed. This approach aim to give a booster to SLM in order to achieve 
substantial PAPR reduction as well as to improve BER degradation. This 
technique is called SCS-SLM technique in conjunction with combination of 
SCS and SLM. The results show that both aims are achieved with 28.6% 
PAPR reduction using six candidates and avoid 8% of the BER degradation 
in conventional SLM. Finally, the SCS technique and SCS-SLM technique 
are implemented in the MIMO-OFDM system in order to reduce the 
inherited PAPR problem. Diversity scheme which are space time (ST), 
space frequency (SF) and space time frequency (STF) are also introduced in 
this work to improve the BER performance. The results show that the SCS 
technique and SCS-SLM technique reduced the PAPR in all schemes and the 
best improvement is 33% of the PAPR reduction and 55% of the BER.
31
32
FACULTY OF
ELECTRICAL ENGINEERING
